(NASA-CR-139654) EVALUATION PROGRAM FOR ﬁ74-31530
SECONDARY SPACECRAFT CRBLLS. INITIAL
EVALUATIOR TESTS OF GENZRAL ELECTRIC

COMPANY STANDARD AND (Naval Ammunition ' Unclas
Depot) 28 p HC $4.50 CSCL 104 63,03 47003
EVALUATION PROGRAM
for

SECONDARY SPACECRAFT CELLS
INITIAL EVALUATION TESTS
OF
GENERAL ELECTRIC COMPANY
STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR, NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES

prepared for
GODDARD SPACE FLIGHT CENTER

CONTRACT S-23404-G

WEAPONS QUALITY ENGINEERING CENTER

NAVAL AMMUNITION DEPOT, CRANE, INDIANA



DEPARTMENT OF THE NAVY

: NAVAL AMMUNITICN OEPOT
WEAPONS QUALITY ENGINEERING CENTER

CRANE, INDIANA 47522

EVALUATION PROGRAM
FOR
SECONDARY SPACECRAFT CELLS

INITIAL EVALUATION TESTS
oF
GENERAL ELECTRIC COMPANY
STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR, NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES

WQEC/C 74-337 1 JULY 1974

PREPARED BY

= D%// -
D. HARKNESS
PREPARED UNDER THE DIRECTION OF APPROVED
/L(/f)’jfécu. LvJ ﬁ///yfgf)
D. E. MAINS, Manager D. G. MILEY Y/
Space Satellite Cell Program Branch By direction

Enclosure (1)



WOEC/C 74-337
REPORT BRIEF

INITIAL EVALUATION TESTS
OF .
STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR, NICKEL-CADMIUM SPACECRAFT CELLS
" WITH AUXILIARY ELECTRODES
MANUFACTURED BY GENERAL ELECTRIC COMPANY

Ref: (a) NASA Purchase Order S-23404-G
(b) Initial Evaluation Test Procedure for Nickel-Cadmium Sealed
Space Cells: NADC 3053-TP324, 10 Apr 1973

I. TEST ASSIGNMENT BRIEF

A. The purpose of this evaluation test program is to insure that
all cells put into the life cycle program are of high quality by the
screening of cells found to have electrolyte leakage, internal shorts,
low capacity, or inability of any cell to recover its open-circuit
voltage above 1.150 volts during the intermal short test.

B. The 20 cells were manufactured for the National Aeronautics and
Space Administration, Goddard Space Flight Center, under the NASA con-
tract number NAS-5-17876, by General Electric Company, Gainesville,

_Florida. They were manufactured to Goddard Space Flight Center's speci-
fication number 5-761-P-6, in which 10 cells have teflonated, negative
electrodes (TFE-II). The electrodes of these cells were teflonated prior
to the Electrochemical Cleaning Test (ECT) and were identified by General
Electric catalog number 42B020AB29-G4. The other cells had catalog number
428020AB30-G4 and had standard electrodes. These cells are rated at
20.0 ampere-hours, contain double ceramic seals, and were fitted with
pressure gauge assenb]ies prior to testing. A1l cells contain a teflon-
coated (one side only, next to cell case), sintered, nickel plaque
auxiliary electrode, located along the narrow edge on the negative terminal
side of the cell. The auxiliary resistor used throughout the test was
300 ohms. Testing was funded in accordance with reference (a).

C. Test limits specify those values in which a cell is to be
terminated from a particular charge or discharge. Requirements are
referred to as normally expected values based on past performance of
aerospace nickel-cadmium cells with demonstrated 1ife characteristics.
A requirement does not constitute a limit for discontinuance from test.

II. SUMMARY OF RESULTS

A. The average weight of the teflonated negative plate cells
was 28.7 grams heavier than' the standard plate cells, .This is attributed
to the amount of electrnlyte (greater for the teflonated cells) in the
two cell desugns. \
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- B. The cell containers had a convex contour, in which the average
thickness of the cells was 0.013 inch thicker at the maximum thickness
when compared to the minimum thickness, which was the edge of the
container. - Following test, this value was 0.010 inch, indicating a
reduction in the plate stack thickness, although some cells did increase
in thickness.

C. The standard plate cells exhibited higher average end-of-charqge
(EOC) voltages than the cells with teflonated negative plates; they also
delivered a higher capacity output in ampere-hours (ah) following these
charges. The following s a 1isting of these averages:

Teflonated Cells Standard Plate Cells

Charge Volts ah Out Voits ah Qut
/20 for 48 hours @ 25°C 1.435 29.9 1.436 30.9
C/10 for 24 hours @ 25°C 1.442 - 29.8 1.448 30.8
C/10 for 24 hours @ 20°C 1.451 28.5 1.454 29.8
£/10 for 24 hours @ 20°C 1.451 27.2 1.456 28.0
C/40 for 20 hours @ 20°C* 1.365 5.4 1.367 5.6
C/20 for 60 hours @ Q°C 1.472 28.6 1.477 29.1
C/10 for 24 hours B 35°C 1.406 29.9 1.407 30.1

*Charge Efficiency Test, 10 ah input.

D. During the auxiliary electrode characteristic tests, maximum
signal power was obtained with a 200-ohm resistance; but a 300-chm
resistance was used throughout the tests as instructed by the Goddard
Space Flight Center Technical Officer.

E. The average cell voitage at the end of one week open-circuit,
during the charge retention test, was 1.314 volts.

F. The 24-hour average cell voltage following a 16-hour short
period, for the teflonated and standard negative plate cells was 1.203
and 1.210 volts respectively. '

G. Seven teflonated negatiQe plate cells delivered less than 55%
of the input capacity requirement during the 20°C charge efficiency
test.

H. ATl the cells reached a pressure of 20 psia before reaching
the voltage limit of 1,550 volts during the pressure versus capacity
test. The average ampere-hours in and voltages at this pressure were
33.6 and 1.505 volts respectively for the teflonated negative plate
cells and 35.5 and 1.523 volts for the standard plate cells. A1l cells
exhibited pressure decay in the range of 1 to 7 psia during the last
30 minutes of the 1-hour open-circuit stand. Average capacity out for
the teflonated and standard negative plate cells was 29.4 and 29.9
ampere-hours respectively,

i
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ITTI. RECOMMENDATIONS

A. Manufacturing processes and controls should be such to
prevent swelling of the plate stack, thereby preventing cell case
distortion.

B. It is recommended that the cells be placed on life test to
evaluate and compare the teflonated negative plate electrode cells with
the standard plate cells.

11
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RESULTS OF
INITIAL EVALUATION TESTS
OF
GENERAL ELECTRIC COMPANY
STANDARD AND TEFLONATED NEGATIVE ELECTRODE
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES

I. TEST CONDITIONS AND PROCEDURE
A. A1l evaluation tests were performed at room ambient (RA)
pressure and temperature (25° + 2°C}, with discharges at the 2-hour
rate, and in accordance with reference (b), unless otherwise specified,
and consisted of the following: :
1. Phenolphthalein leak tests (2).

2. Three capacity =ests, third at 20°C, with internal
resistance measurements during second charge/discharge.

Auxiliary electrode characterization test.
Charge retention test,-20°C.

Internal short test.

=2 B 5 5 R <V S |

Charge efficiency test, 20°C.
7. Overcharge tests, 0°C and 35°C.
8. Pressure versus capacity.test.‘
9. Phenolphthalein leak test.
See Appendix I for summary of test procedure.
II. CELL IDENTIFICATION AND DESCRIPTION
A. Ten cells were manufactured with standard plates while the

other 10 had a teflonated negative plate. The cells were identified
by the manufacturer's catalog and serial numbers as follows:

Manufacturer's Number

Catalog Serial Type Negative Plates
42B020AB29 1-10 Teflonated
42B020AB30 1-10 Standard

The cells were fitted with pressure gauge assemblies and placed in. .
E?gggrary pack configurations for initial testing (Packs 513X, 514X and
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B. The 20.0 ampere-hour cell is rectangular with an average
weight and physical dimensions as follows:

Thickness {(in.}

' Qverall Pre-Test Post-Test
Weight (g)* Height (in.) Minimum HMaximum Maximum Width {in.)

132.7%% 6.908 0.896 0.909 0.906 3.007
1293.0 ' :

*Manufacturer's data with swagelock fittings
**Teflonated negative plate

C. The cell containers and covers are made of stainless steel.
The positive and negative terminals are insulated from the cell cover
by ceramic seals and protrude through the cover as sblder-type terminals.

D. The auxiliary electrode is a teflon-coated {one side only, next
to cell case), sintered, nickel plaque located along the narrow edge of
the negative terminal side of the cell, 0.3 centimeter below the top of
the plate stack. The tab is welded between the cell cover and the case.
Its physical area is approximately 10 square centimeters (1.9 cm x 5.1 cm)
with a bag-type enclosure of pellon 2505K4 material. The auxiliary
resistor is 300 ohms.

II1. RESULTS--THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH VII

A. The average weight of the teflonated negative plate cells was
28.7 grams heavier than that of the standard plate cells. This is
attributed to the amount of electrolyte (greater for teflonated cells)
in the two cell designs.

B. The cell containers had a convex contour, in which the average
thickness of the cells was 0.013 inch thicker at the maximum thickness
when compared to the minimum thickness, which was the edge of the
container. Following test, this value was 0.010 inch, indicating a
reduction in the plate stack thickness, although some cells did increase
in thickness.

C. The standard plate cells exhibited higher average end-of-charge
(EOC) voltages than the cells with teflonated negative plates; they also
delivered a higher capacity output in ampere-hours (ah} following these
charges. The following is a listing of these averages:

Teflonated Cells Standard Plate Cells

Charge Vol ts ah Out Vol ts ah Out
C/20 for 48 hours @ 25°C 1.438% 29.9 1.436 30.9
C/10 for 24 hours @ 25°C 1.442 29.8 1.448 30.8
C/10 for 24 hours 6 20°C -1.451 28.5 1.454 29.8
C/10 for 24 hours @ 20°C 1.451 27.2 1.456 28.0
C/40 for 20 hours @ 20°C* 1.365 5.4 1.367 5.6
C/20 for 60 hours @ Q°C 1.472 28.6 1.477 29.1
C/10 for 24 hours @ 35°C 1.406 29.9 1.407 30

*Charge Efficiency Test, 10 ah input.
2
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D. Average Internal Resistance Measurements (milliohms):

Measurement Taken Resistance
30 min. before end-of-charge (Cycle 1) .0
1 hr. after start-of-discharge (Cycle 2) _ 2.18
2 hrs. after start-of-discharge {(Cycle 2) 2.15 .

E. Maximum power was obtained with a 200-ohm resistor during the
resistance characteristic test, although a 300-ohm resistor was used
throughout the tests as instructed by the Goddard Space Flight Center
Technical Officer. ‘

F. The average cell voltage at the end of one week open-circuit,
during the charge retention test, was 1.314 volts.

G. The 24-hour average cell voltage following a 16-hour short
period, for the teflonated and standard negative plate cells was 1.203
and 1.210 volts respectively.

H. Seven teflonated negative plate cells delivered less than 55%
of the input capacity requirement during the 20°C charge efficiency
test,

1. A1l the cells reached a pressure of 20 psia before reaching
the voltage limit of 1.550 volts during the pressure versus capacity
test. The average ampere-hours in and voltages at this pressure were
33.6 and 1.505 volts respectively for the teflonated negative plate
cells and 35.5 and 1,523 voits for the standard plate cells. All cells
exhibited pressure decay in the range of 1 to 7 psia during the last 30
minutes of the T-hour open-circuit stand. Average capacity out for the
teflonated and standard negative plate ceils was 29.4 and 29.9 ampere-
hours respectively.
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APPENDIX [

GENERAL ELECTRIC COMPANY
- 20.0 AMPERE=-HOUR CELLS
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APPENDIX 1 |
I. TEST PROCEDURE
A. Pheno]phtha]ein‘Leak Tests:

1. This test is a determination of the condition of the
- welds and ceramic seals on receipt of the cells and f0110w1nq the
Jast discharge of the cells (Cycle #8).

2. The cells were initially checked with a one-half of
one percent phenolphthalein solution applied with a cotton swab and
then placed in a vacuum chamber and exposed to a vacuum of 40 microns
of mercury or less for 24 hours. Upon removal they were rechecked -
for leaks and then received a final check following test compietion.
{he requirement is no red or pink discoloration wh1ch indicates a
eak.

B: Capacity Tests:

1. The capacity test is a determination of the cells'
capacity at the C/2 discharge rate to 0.75 volt per cell, where C is
the manufacturer's rated capacity. This type discharge follows all
charges of this evaluation test.

2. The charges for the capacity tests are as follows:

a. C/20, 48 hours, room ambient (RA), Cycle 0, with a
test limit of 1.52 volts or pressure of 100 psia.

b. €/10, 24 hours, RA, Cycle 1, with a test limit of
1.52 volts or 100 psia pressure and a requ1rement of maximum voltage
{1.48) or pressure (65 psia).

c. C/10, 24 hours, 20°C, Cycle 2, with the same limits
and requirements as the charge of Cycle 1.

C. Special Resistance Characterization Tests for Aukiliary
Electrode Cells:

1. The purpose of this test is to determine the resistance to
be placed across the cell's auxiliary electrode and negative terminals
which will provide maximum signal when the cell is fully charged.

2. The cells are charged at C/10 for 24 hours at the room
ambient temperature following their initial charge/discharge cycle.
Following this the cells are continued on charge with the current
reduced, if necessary, to maintain the cell's voltage below 1.520
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volts and to stabilize the pressure between 10-20 psia. Resistance
values, between 10,000 ohms and 0.1 ohm are then placed between the
auxiliary electrode and the negative terminal. The cells are allowed

‘a minimum of 5 minutes, at each resistance value, to obtain an equilib-
rium voltage across this resistance. This voltage value is then recorded.
and by calculation using the equation P = ES/R the resistance that
produces maximum power is determined.

D. Internal Resistance:

1. Measurements are taken across the cell terminals 1/2 hour
before the end-of-charge (EOC) on Cycle 1 and 1 and 2 hours after the
start-of-discharge of Cycle 2. These measurements were made with a
Hewlett-Packard mi1liohmmeter (Model 4328A).

E. Special Charge Retention Test, 20°C:

1. This test is to establish the capacity retention of each
cell following a 7-day open-circuit-stand in a charge mode.

2. The cells are charged at C/10 for 24 hours with a test
limit of 1.52 volts or 100 psia pressure. They then stand on open-
circuit for 7 days, with the requirement that the open-circuit voltage
of each cell, following this period, is within +5 millivolts of the
average cell voltage. The cells are then discharged and 80 percent
capacity out of that obtained in Cycle 3 is required.

F. Internal Short Test:

1. This test is a means of detecting slight shorting conditions
which may exist because of imperfections in the insulating materials,
or damage to element in handling or assembly.

2. Following completion of the third capacity discharge, the
cells are shunted with a 0.5-ohm, 3-watt resistor for 16 hours. At the
end of 16 hours the resistors are removed and the cells stand on open-
circuit-voltage (OCV) for 24 hours. A minimum voltage of 1.15 is
required at the end of 24 hours.

G. Charge Efficiency Test, 20°C:

1. This test is a measurement of the cells' charge efficiency
when charged at a low current rate.

2. The cells are charged at C/40 for 20 hours with a test
limit of 1.52 volts or 100 psia pressure. They are then discharged
and the requirement is that the minimum capacity out equals 55 percent
of capacity in during the preceding charge.
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H. Overcharge Test #1, 0°C:

1. The purpose of this test is to determine the degree to
which the cells will maintain a balanced voltage, and to deterwine
the cells' capability to be overcharged without overcharging the
negative electrode. ‘

2. The cells are charged at /20 for 60 hours. The test
limits are cell voltages of 1.56 or greater for a continuous time
period of 2 hours or pressures of 100 psia. The requirement is a
_ voltage of 1.520 or a pressure of 65 psia. The cells are then dis-
charged and 85 percent capacity out of that obtained in Cycle 3 is

~ required.

I. Overcharge Test #2, 35°C:

1. This test is a measurement of the cells' capacity at a
higher temperature when compared to its capacity at 20°C. This test
also determines the cells' capability of reaching a point of pressure
equilibrium; oxygen recombination at the negative plate at the same
rate it is being generated at the positive plate.

2. The cells are charged at C/10 for 24 hours with a test
limit of 1.52 volts or 100 psia pressure and a requirement of 1.45
volts or 65 psia pressure. The cells are then discharged with a
requi rement that capacity out equals 55 percent capacity out as
obtained in Cycle 3.

J. Pressure versus Capacity Test:

1. The purpose of this test is to determine the capacity to
a pressure and the pressure decay during charge and open circuit
stand respectively.

‘2. Each cell is charged at C/2 to either a pressure of 20
psia or a voltage of 1.550. Recordings are taken on each cell when
it reaches 5, 10, 15 and 20 psia pressure. The cells then stand OCV
for 1 hour with 30-minute recordings and then are discharged, shorted

out and leak tested.
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. TABLE I
MEASUREMENT AND LEAK TEST DATA

x

THICKNESS {Inches)

PHENOLPHTHALEIN LEAK TESTS

SERIAL WEIGHT HEIGHf WIDTH INITIAL POST HI VAC POST TEST
NUMBER {(Grams) |{Inches) | MINIMUM | MAXIMUM | MaXIMuM [ Inches) Terminals |Other]  Jerminals |Gther] _Terminals |Other
_ {Pre-TestjPost-Tes] + - + - + -

oo t3e.c | LIS . 317 . Fos” .206 - | 3,00 -}

ooz | (3.5 | ¢ G0 .99¢ o8 708 3.0l

oo 35t | 6513 ,Fol LFHO 906 3ol

ood 133723 | €.Fo0f 895 Fos .Tos” 3,010

oS 383 | 6.507 | .393 g0 | .F0% 3.001

oot | (3.0 | ¢508 | %98 | 908 : | .9 | 3.007

007 | (3325 | GSod | 9% | .908 .| .9 3,000

oo8 | s3ito | 65 | .83 | 523 |90 | 3030

ocf |30 | 6565 Y ;v | .ar0 | .G0¢ 3005

oo | 33725 | e | 891 | .g0r:]7.90 | 3604

A No Ligats Mo |bEnikd o LEAYKS

col | 1362 | G916 900 N r A I o S B

ooz | (383 | ¢ | 896 925 1T .90 | B0

o003 | (3070 | ¢.89r | G903 | 9 |7.908 | 3o

oo ¢29¢4.0 6509 .893 Fo8 . 903 3. 007

005 | 3005 | GS0f 995 God 2073 30072

00 {3033 &9/ ;891 L7085 ¢ F0L 3.003%

o0} {2545 G T 895 il . 905, 2.002-

oof {2527 6.396 , 894 LY 905 - | 3000

009 {(30%3 G Tt g9 | 9 903 3.004

oo (540 | G703 99 .q05 7077 3.009

Kl As per MMU‘S&:"‘\MER'S ) c[u:{\ﬂ-' tn-':-(u:les SWAe leck &\“:-M\-
/
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TABLE II
PACITY DATA

CAPACITY TEST #1

CAPACITY TEST #2

CAPACITY TEST #3 (200C)

ERO-OF-CHARGE END-OF -DISCHARGE, END-OF - CHARGE END-0F-DISCHARGE END-OF-CHARGE END-OF-DISCHARGE
SERIAL UK CAPAC- | AUX AUY, CAPAC- | AUX AUX CAPAC- | AUK
NUMBER| CELL | ELECT {PRESS{ ITY ELECT |PRESS| cEW .| ELECY {PRESS| ITY ELECT | PRESS| CELL | ELECT |PRESS| ITY ELECT | PRESS
(Volts)| (Voits) {(PSIA}| (ah) | (Volts) |(PSIR){ {Volts)|(Volts) [(PSIA}} (ah) | (Volts) |(PSIA}| (Volts)| (Volts) |(PSIA)| (ah) [ (Volts) (PSIA)
ool | l43d]| 533 | 32 [ 29.6 | -.003 | 2 rdgd | 54l | s7 1 229 |~oee | 4 stV oswd | &3 | 2Ry | o227 s
ooz | 43¢ | %8 |25 |zom3 |~026 | 3 |4433| 43 |So | 303 | .o70 | 4 11453 | Y35 | 57 | 288 -.009 ) 5
ood | L9434 ] oo j 22 | 296 | -.0%2 | & i | 457 |35 [ 296 | oce | 57 | rase | a4z |47 | 289 | o400 | B
004 | L4935 | 436 | 25 | 29.7 | —-ORE | ¢ {eofd{ | . A%E | s 297 | o6z | 5 sz | L sz | zed | .ioZ <
“oos | L4357 518 les | 2a5 l-ote | s laddt | o596 | 46 | 275 | .02 | 5T | /453 | .sso |2 | 280 | .04 &
00 | 1436 | 519 |22 | oo |~.0% | 4 tidr | 599 lds lz97 | ios | 5 |ritset | sy |52 | 281 | 095 s
co7 | 4436 | 473 j25 | 296 000 & | tedd | 5w | 48 | 297 | ©O6f & tdss | .sa@ | 3¢ | 2¥.2 | o0 5
0o¥ | 1438 | L427 |24 | 303 |-ods | z frade | 538 132 | 300 | o7 | 57 | iwde | .5E2 | 3F | 293 | 2006 | 2
009 | /.433 A58 [ 2= 25.7 | —.007 3 Heds | 553 | 492 256 [-.272 | S .| f445 | 538 | 57 286 | Lo 2
o0 | 1433} At |20 | 3051007 | 3 | s A7z | 4 zo.s | oo | &5 | rdde| 4oy | 47 | 29 | o072 | &
cof {4437 |.3772 |/ | 307 | -086 | 3 redst | 444 | /8 | 30.5 | ~ov2 | 2z | rusa| et |25 | 295 | 000 | 4
ooz |lwzs | H3e 1 13 | 3o | ik | 3 w8 | .5e3 | 21 | 305 {-om3 | 4 vesz | sy 130 | =225 | —otg | 4
oo | 1434 | 317 |45 |3t | -o92 | & |iuve | dos V49 |3l l-om | 5 | r#53 | o | 25 | 300 | -adz L2
“ood | tdad | 3z | vz | 3d | ~202 | 2 | tave | «n {20 | 3Lr [-.ode | 3 | suss | 499 |30 | -0l .ol 2
- eos | 1435 | .zw8 /(5 F 3. | —.e32 | & (€7 | 450 L 2 30.9 | -.o24 | S fo5s | HEBE 20 | 298 |-o02z | 5
o006 | (435 | s 23 3ok | ~ 106 4 JAdE | .so6-| 1T 30.5 | ~.co0¥ z tfs7 | 530 29 292 | .oy =3
007 |1z | .37 {25 | sir |~us7 | 3 1445 | o6 | 18 | 3.2 | o9 | 2 ris7 | oo | 22 | 30.2 ] —0bz{ 2 -
ood | 1438 | 427 & | 309 | -6 2 | s4s2z| 550 | 18 | Bew j-o¥o | 2 swss | 57 | zg | 298| o5 | 2
o0 | td<e | 375 (3 | 3t (o094 | o | 448 W48 | 33 | 309 | o3z 1 i Lo | ¥43 | 3% | 302 'éfz? "o
oto | radl | 398 | /0 | 305 | ~ce32.| 2 | ixso | 509 |23 | 30 |-008 | 3 1453 | sve | 29 | 298| 036 | 3

OND-RADC (SF 11/7
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~ INTERNAL RESISTANCE AN

TABLE 1

11 :
D SHORT TEST DATA

-NADC (8P 11/73)

INTERNAL RESISTANCE (MILLIOHMS)

INTERNAL SHORT TEST

SERIAL AFTER 16 AFTER 24 HOOR |
R | . or-cone] iR ATE e | o A ATER o vt v s
: ‘ CELL CELL PRESS
oo | 2.2 Z2. > 2.2, o009 fiol <f
[ale )3 2.3 2.3 r- 005 {205 <f
o032 2.2 2.2 2. f (10T X1 5
oo 2.2 2.3 2.2 003 /200 o
o5 2,3 2.2 2.2 , COE Loy <f
o6 2.3 Z.3 Z.2 LOHD Lo id
oo 2.2 2.4 2.2 , 00T (1G5 5
oo¥ 2,/ 2.0 2.0 ote | tizez | ¥
o005 2.5 2.1 2. f Nel-ii ki 3
clO 2.2 i 2.7 L0100 fo2oonf «f
oo 2.{ 2.¢ 2.4 042 taif ad
002 2.2 2.2 2.2 o045 | sz 5
003 2. Z 2.1 2.2 .o 205 | 2
[alel 4 2.2 2,/ 2.0 O35 ot 2
oos 2.3 2.2 2.z OS2 L2/2 =y
006 2.1 2.1 2.4 oG | HZI2 2.
oo 2.0 2.1 2. (OS5 {20 /
ooF 2.1 i 2. Losi | tz2i6 I
OO 2.2 2.2 2.2 O /e 267 9
oo 2.2 2.4 2.2 o5 fizoy /
10 5
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TABLE IV

Charge Efficiency and Overcharge Data

Charge Efficiency {209C

Overcharge Test (09)

Overcharge Test

{3850C)

AB 3o

END-OF-CHARGE END-0F-DISCHAREE END-DF- CHARSE END-OF-DISCHARGE END-0F- CHARGE END-0F-DI SCHARGE
RIS [y CAPAC- | AUX ADX CAPRC- | AU AUX CAC-T AUk
VHBER| CELL | ELECT |PRESS| ITY ELECT |PRESS| CELL .| ELECT |PRESS| 1TY ELECT |PRESS| CELL | ELECT |PRESS| ITY ELECT | PRESS
(volts)] (volts) [(PSTA}| (ah) | {(Velts) [{PSIA)| {Volts)|{Volts) |{PSIA)| (ah) | (Voits)|(PSIA}] {Voits)|{Volts) |(PSIA}| (ah) | (Volts) {(PSIA)
oot | 1363 | o1 o s | o o 149 | 484 | 58 | 2896 | 026 a9 | 149 | 493 | 30 | 0o | .03 s
oo | f3eH | Lon f | s2%| .o 4 14z | 396 | «9 | 250 | o063 | & | w06 | s L 25 | Bor | e86 | 5
o3 | L3S | .elt o 5:4 | .o % fdre | i3 | &8 | 28 L3 fo | jwog | L386 | 24 299 | .o35 | 2
oo | 136H | .08 o 53 | o35 4 1 | 45 | «g | AR | o4y 5 fefoe ) qud | 30 | 299 | Lo7F 5
cos | 1363 | .oy 5 | 53 03 f 1 a¥ | 507 so | 28 (13 d | ivoy | iy | 22 | 295 .2y {9
| 006 | £364 | ou) s | 54 | .ce3 oS Vit | Sy | 5t L #S | o9 | 6 | f4oR | ey 12 | 299 | .00 | ST
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TABLE ¥ (Teflon Cells)

PRESSURE VS. CAPACITY TEST DATA -

o073

| Serial Ho. ool | con oo¥ | oo | oo | 007 | ©00& | 00F | oo
Start-of-Charge, Press| 4 =f & 4 & o 5 5 5 &
AH in to 5 PSIA 7.6 ] P2 24 7

Cell (volts) Lrs | {0 LYo htol
Aux {volts) o058 | o ol 0{7?

AH {n to 10 PSIA 290 | 304 | 285 | 295 | 285 | 92 | 295 | 308 | e | 286
Cell (volts) Lefsa | (56 | tst | LB | f94T | Aesz | fdde | rq6 6 | AYSE | (G
Aux (volts) 368 | o3 | %% | 0 | 3§ | 363 | L300 | 369 | .359 | .30

AH in to 15 PSIA 320 | 323 | 3.3 | 3{3 | 36 | 320 | 36 346 | 33.6 | 33.6
Cell (volts) reego | ragd | bsor | obtr9 | oy | rgr | 148 | sl | rwgr | nees
Aux (valts)® S | 396 o8 A MY ST ) L8R | 438 A3 | L3287

AH in to 20 PSIA 325 | 335 | 3n§ 35 | 330, 331 32.1 | 357 3L | 353
Cell (volts) 1459 | is03 | t5oe | Lsor | tsof | t503 | t5or | &5t | 4308 | o
Aux {volts) G | 38 oz | 3B EE | L | 357 | 56 | HeE | 360

AH in te V/L (1.55V)

Aux (volts)
Press {PSIA)

30 Min OCV, Cell tor | tdo7 | Loz | Lol | tdoe | (0¥ | %03 | tetie | 140 | 1407
Aux (volts} Ao | 388 | 289 | o0 | B | A8 | Hie | A4S | 36 | .393
Press (PSIA) 2T 21 21 20 23 2 23 9 3 20

1 hour OCY, Cell f37 | had | 0393 ] 1394 | 63F¢ | 1393 | 6393 | 1298 | (397 | 4396
Aux {volts) o | 303 | 353 | mes | wss | dag | 398 | .o | 26 | 320
Press (PSIA) 20 9 ‘8 8 7 ‘8 it (s | =2z g

EOD AH oyt 29.{ 29.6 2.4 | 291 29/ 24.3 23 | %9 | 292 3o |
Aux {volts) H35 | e Jodf ] 37 482 | .z | 38 | .09¢ | c8F NiZas

 Press (PS]A) 5 s | B b g 3 g 5 [ [

SND-NADC (SP 11‘/73)‘ -
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TABLE V (Standard Cells)

PRESSURE VS. CAPACITY TEST DATA

oo’

serial No, “cof ool oo | oo5 | oot | 607 | 0% | co% | @0
Start-of-Charge, Press] 3 5 5 4 & 5 s 4 | ¢ o
AH in to 5 PSIA Go! Ik : ¥.6
Cell (volts) tefof 7 {.Ho9
Aux (volts) . - 009 0357 N Tel
AH in to 10 PSIA 3o | 3tz | 340 | 345 {5 | 346 | 325 | 34k 33.6
| ___Cell (volts) Asol | (Heo | 1438 | ASor | (46l 187 | (7 | 153 {303
Aux (volts) 365 F e L3966 {2 | 305 | L3SE | 38 | LHd 398
AH in to 15 PSIA 349 s | 349 349 3L | 345 3495 35,3 | 236 342
Cell _(volts) st | s | rsvo | eso [ w9 ise | isiz | 6523 | 3T | 458
Aux {volts) " ez | 33 | 3g | v | e | i | s | 4 | 2B 3T
"AH in to 20 PSIA avyd | 352 | 38 | sco | 358 | 33§ 36o | 357 | 3vio | 350
Cer(vn'l ts) tses | esed |tz ] ased | dver [ aves | e w26 | TR0 | LTS
Aux (volts) 5717 ] LHRE A | A3 | 486 HEo | .svo | o |
AH in to V/L (1.55V) '
Aux (volts]
Press (PSIA). ]
30 Min OCY, Cell fegos | ttor | (der | tsoy | (koS | I | (403 | (Mo | f40T | (40T
Aux (volts) 326 | 328 | A7 | 3 |zwe | 0w | asE | Ldeg | i3es | 3R
|__press {PsIa) i | @ | |20 V08 Vi | (7 | (6 (8 17
11 hour OCY, Cell +396 | t396 | (39¢ | 1356 | €396 | 1395 [ 4356 | 379 | /396 | 4356
' Aux [volts) 283 | 3¢ 3uws 303 [ 3 | 3 | 2z | 396 | 26 | 328
Press (PSIA) /L 5 f{ 3 LS5 3 ey ref 7 {3
EOD AH out 29,7 - 2-":‘,8 302 | 298 o | 97 | 3o 30.0 29.9 .1 226
Aux (volts) =0t | 007 o008 | o1 | 013 .o8( 00 Lo | o038 oS
| Press (PSIA) G 2 - 2 O 2 6 1's | « o

OND-NADC (SP 11/73)
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TABLE V1
SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES

"SERIAL w3 008 (a829) | 609 (a824) o (AB30) | oto (4830)] AVERAGE ¢
GHMS VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS |VOLTS | PRESS | VOLTS | PRESS VOLTS MILLIWATTS
10,000 - | ;920 ¢5 |.87 | 21 236 | 20 |ges | 10 | .99/ 030 |.067/ 009
5,000 a4 | r5 | 298 | u 729 | 20 |ase |y | .14 fr43 a5/l
2,000 {04 | 15 | A | o o2 | 20 |0 | 1l | ekSlest | 28/ lan
1000 | .cos | 5 | iz | 2 s | 20 | s | 1 | .cotfren | s70/300
500 .89 | s | a3 | 2l 239 | 20 |52 | 0 | st Swe | «B2/3¢0
20 .3 | oo | .30 | U 25 | zo .8 | 1o ,3:5/2777 28 /384
129 ' 230 oo ud | (A3 | 2o |.d | 1O /603 | 493/ 200
50 :.us3 | 4 | a4 o2l w5 | o |.ug | o | .xe/.co9 426/.238
20 51.08‘( (4 | 028 | 2l o056 | 19 oed | 0 | .ovifioco | 3280080
10 ! 050 tf o¥s” 2| O30 {9 Lo {0 ,oc(‘)/o'sz. J.Ll/.fo'l.
-5 : 022 | oo | | 2| ol | 19 orr | (O 026 /iole (35057
Z Y (4 .olf x| | 007 (9 007 | {0 ,ou/ocﬂ .o(pl/ozs'
1 007 | 14 | .00k 1(" oo | (9 | oo | to 006 /oot | OBL i0tE
3.5 | .oodf 74 wood | 1O ) o0n | (9 002 {0 .oo#’/cai—z; o-s-a./. oo ¥
0.2 } ooz | 4 |.0c0% | 2O wo2 | {9 |.eon| (0 002/ 002 ﬁw/ﬁéﬂ
5.1 002 | (4 002 20 000 /9 cof fo .ooz/oo 4 .00 /o 0
tote: A1l pressures in PSIA. ER « %3 vates 103 ALHwaLES

¥ AB 7-‘3/4-6 36
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| TABLE VII
CHARGE RETENTION TEST DATA

24

—— 4B 27

END-OF -CHARGE HR. OCV 1 WEEK OCV END-0F-DISCHARGE
SERIAL
numBeR | CELL | giger [ PRESS] ceLL Leer | PRess | ceLL ELeCT|PRESS. Y L Breer press.
, (VOLTS YiryoL s §(PSIA) |(VOLTSp (yoLTs) (PSIAH(VOLTS (voLTs | (PSIA)| (AH) |(VOLTS)(PSIA)
[w]e]] Latst | 55| 8 {363 | /4G 5 L3i4 | oo | o 27.¢ =35 | A
oL | hefse 2 | ez | 363 A2 5 (34 |oos | A 213 |-08%:] 2
003 |tdsr | | 472 fr3ed | o5 | 9 (305 | .oo¥ | & z7.0 |[-,213| &
cod |tasi | 523 |52 Jixalazy | 6 135 ooy | 5 |20 ™|—asy] « |
oos |tesz | .ss5 | 507 14363 |.138 7 £33 |oof | & 26k [-208 | &
ool | 1453 | .swo {56 |ra|.t23 | 5 (135 oot | 5 {220 T-223 | 3
007 | t4s3 | svo | 55 |iset | o | & |36 ooy | ¢ | 220" |-305]| 5
oo¥ t4sy | .52 ¥2 l13ce]l et | s |133foce | & | 277 [-038 ]| «
009 |tsd|.ssi ) es [taer | o | s lrais loos | o [ 2257 |-339 | 4
o6 jheH |85 | 5 [ n3er | o5 | s 1313 | oo | o 28.0 |- 88 | «
oof (€55 | 83 | 3 1363 | 053 5 .30z 009 =3 278 |-.273 | 3
oor |5y |.ss2 | 38 |ezed | oLl 5 (3tf |.oc® | 5 | 2728 |- | 4
003 1455 |2 | 33 {136¥ | 095 | A (314 oo | 4 282 —59 | 4
cof_ |tvs6 | 495 | 33 |f3e¥ | L0988 | 3 (315 | o06 | 2 284 |-.082 |
o005 |tfs7 |.soz | 40 JL36 | Y [ (3t | ooz | 5 28, [-oc® |
o006 158 1.53¢ | 35 jL3wd | L ied o Jizy oo | A 217 |~ | 2
007 |te5F L.s0z | 28 | 130¥ | 0G2 | 2 |43ty | 006 | 2 28 |-.043] |
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